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(57) A power calculating and amplitude limitation 
judging portion 13 calculates the power value x of the 
digital quadrature baseband signal I, Q from a transmis- 
sion data generator 1, and compares the power value x 
with a power threshold value y set by a threshold value 
setting portion 14 to judge whether amplitude limitation 
Is needed or not. An amplitude maximum limiting portion 
12 subjects the quadrature baseband signal from the 
transmission data generator 1 to the amplitude maxi- 



mum value limitation based on the judgment result in 
the power calculating and amplitude limitation judging 
portion 13. Thereafter, the digital quadrature baseband 
signal which has been subjected to the amplitude max- 
imum value limitation by the amplitude maximum value 
limiting portion 1 2 Is subjected to the distortion compen- 
sation using complex multiplication based on the distor- 
tion compensation data by a non -linear distortion com- 
pensation calculator 2. 
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Description 

[0001] The present Invention relates to a distortion 
compensating circuit that Is usable for a radio transmis- 
sion device of a base station or the like In a wireless 
communication system and serves to compensate dis- 
tortion occurring In amplifying means such as a power 
amplifier or the like. 

[0002] In order to suppress adjacent channel leakage 
power, It Is ideal for a radio transmission device In a wire- 
less communication system to use a power amplifier 
having excellent linearity In all the amplitude compo- 
nents. However, if a power amplifier is designed to have 
excellent linearity to even remarkably large amplitude 
components, the scale of the power amplifier Is large, 
the price thereof is high and the power consumption is 
also large. Therefore, there may be such a case that a 
power amplifier having excellent linearity to small am- 
plitude components, but having non-linearity to large 
amplitude components must be used. When such a 
power amplifier is used, the adjacent channel leakage 
power would be Increased if amplitude components 
having larger power levels than the effective power are 
amplified. 

[0003] Therefore, various distortion compensating 
techniques have been proposed In order to suppress the 
adjacent channel leakage power due to non-linear dis- 
tortion of power amplifiers. A feed-forward type, a Car- 
tesian feedback type and a pro-distortion type have 
been proposed as representative distortion compensat- 
ing techniques. With respect to the feed-forward type, it 
is difficult to enhance the efficiency because It structur- 
ally needs an error amplifier. Therefore, the distortion 
compensation based on the Cartesian feedback type or 
the pre-dlstortlon type with which the distortion compen- 
sation on the digital quadrature coordinates In the base- 
band can be performed have been recently considered 
from the viewpoint of reduction of thecost and enhance- 
ment of the efficiency (see JPA-8-78967, JPA- 
8-251246, for example). 

[0004] In the Cartesian feedback type, the distortion 
Improvement amount Is proportional to the loop gain, so 
that it is difficult to increase a distortion-improvable band 
width in order to enhance the distortion improvement de- 
gree and keep the loop stability for negative feedback. 
Accordingly, the pre-dlstortlon type which can Increase 
the band width Is more effective to a mobile communi- 
cation system, and thus the following description will be 
made by exemplifying the pre- distortion type. 
[0005] Fig. 1 is a block diagram showing an example 
of the construction of a radio transmission device having 
a pre-dlstortlon type distortion compensating circuit 
based on a prior art. The conventional radio transmis- 
sion device comprises transmission data generator 1 , 
D/A converters 3 1t quadrature modulator 4, refer- 
ence signal generators, power amplifier 6 and distortion 
compensating circuit 30. The distortion compensating 
circuit 30 comprises non-linear distortion compensating 



calculator 2, directional coupler 7, quadrature demodu- 
lators, A/D converters 9 1( 9 2 , power calculator 10, and 
error calculation and compensation data renewing unit 
11. 

5 [0006] In the non-linear distortion compensating cal- 
culator 2, digital quadrature baseband signals I, Q (In- 
phase signal and quadrature signal) from the transmis- 
sion data generator 1 are subjected to distortion com- 
pensation calculation using complex-multiplication 
w based on distortion compensating data which are cal- 
culated In advance. The quadrature baseband signals 
P, Q' after the distortion compensation calculation Is car- 
ried out are converted to analog signals by the D/A con- 
verters 3 1( 32 to thereby achieve analog quadrature 
19 baseband signals. Subsequently, in the quadrature 
modulator 4, the analog quadrature baseband signals 
are converted to a quadrature modulation signal on the 
basis of a signal from the reference signal generator 5. 
Thereafter, the quadrature modulation signal is subject- 
ed to power amplification In the power amplifier 6, and 
output as an RF output. 

[0007] A part of the output of the power amplifier 6 Is 
fed back to the quadrature demodulator 8 by the direc- 
tional coupler 7, and demodulated to the analog quad- 
rature baseband signals on the basis of the signal from 
the reference signal generator 5. Further, the analog 
quadrature baseband signals are converted to digital 
signals by the AID converters 9,, 9 2 to thereby achieve 
digital quadrature baseband signals I" and Q". The dig- 
ital quadrature baseband signals I" and Q" thus fed back 
and the input quadrature baseband signals I and Q from 
the transmission data generator 1 are respectively com- 
pared with each other in the error calculation and com- 
pensation data renewing unit 1 1 to renew the distortion 
compensation data. In the non-linear distortion compen- 
sation calculator 2, the distortion compensation data are 
referred to on the basis of the distortion compensation 
data thus renewed by using the power value from the 
power calculator 10 as an address to thereby perform 
the distortion compensation. 

[0008] Fig. 2 Is a block diagram showing the construc- 
tion of the error calculation and compensation data re- 
newing unit 11 shown in Fig. 1. 
[0009] The error calculation and compensation data 
renewing unit 1 1 comprises distortion compensation da- 
ta memory 41 and distortion compensation data calcu- 
lator 42 as shown In Fig. 2. 

[0010] The distortion compensation data calculator 
42 compares the quadrature baseband transmission 
signals I, Q and the feedback signals I", Q" on the polar 
coordinates to calculate an amplification error and a 
phase error. The distortion compensation data memory 
41 stores the distortion compensation data calculated 
In the distortion compensation data calculator 42 while 
associating the distortion compensation data with the 
power values. 

[001 1 ] The construction described above is an exam- 
ple of the prior art, and other constructions using a digital 
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system for quadrature modulation, quadrature demod- 
ulation or using a frequency converter without using di- 
rect modulation have been proposed. 
[0012) Further, other construction for carrying the fol- 
lowing calculation has been proposed: The distortion 
compensation calculation Is carried out while an ampli- 
fication value corresponding to the square root of a pow- 
er value from an amplification calculator Is used as an 
address In place of using the power value from the pow- 
er calculator 10 as an address. 
[0013] The conventional pre-dlstorUon type and Car- 
tesian feedback type distortion compensation circuits 
compensate only non-linear distortion in AM/AM char- 
acteristic (amplification characteristic) and AM/PM char- 
acteristic (phase characteristic) occurring In the power 
amplifier 6, etc. Multiplexed modulation waves based on 
CDMA (code Division Multiple Access) modulation or 
OFDM (Orthogonal Frequency Division Multiplexing) 
modulation contain amplitude components in which the 
Instantaneous power of an envelope is remarkably larg- 
er than the effective power, and thus clipping distortion 
occurs In a saturated area. However, In the conventional 
pre-dlstortlon type and Cartesian feedback type distor- 
tion compensation circuits, the clipping distortion com- 
ponents cannot be compensated. 
[00141 Furthermore, there Is also such a disadvan- 
tage that the amplitude compensation when the distor- 
tion compensation Is carried out causes the signal am- 
plitude after compensation to reach the saturated area 
of the power amplifier for even Instantaneous Input am- 
plitude components which are lower than the saturation 
input In the case of no n -compensation by several dB 
(decibel), thereby Increasing clipping distortion, so that 
the distortion compensation Increasing clipping distor- 
tion, so that the distortion compensation effect Is low- 
ered. 

[0015] A distortion compensation circuit for suppress- 
ing very large Instantaneous amplitude components of 
an envelope which causes the above problem has been 
proposed In JPA-2001-251148. 
[0016] Fig. 3 shows the construction of an error cal- 
culation and compensation data renewing unit of anoth- 
er conventional distortion compensation circuit as dis- 
closed in JP-2001 -251148. In Fig. 3, the same constit- 
uent elements as shown In Fig. 2 are represented by the 
same reference numerals, and the description thereof 
Is omitted. 

[0017] As shown in Fig. 3, the error calculation and 
compensation data renewing unit 11a comprises distor- 
tion compensation data memory 41 , distortion compen- 
sation data calculator 42, selector 43, comparator 44 
and distortion compensation data correcting portion 45. 
[0018] The comparator 44 compares a preset upper 
limit power value Pmax and the power value of signals 
I', Q' achieved by conducting the distortion compensa- 
tion calculation on input quadrature baseband transmis- 
sion signals I, Q with distortion compensation data cal- 
culated In the distortion compensation data calculator 



42. The distortion compensation data correcting unit 45 
corrects the distortion compensation data calculated In 
the distortion compensation data calculator 42 so that 
the amplitude compensation coefficient Is equal to Urn, 

5 and outputs the corrected distortion compensation data . 
Here, m represents the amplitude limiting coefficient, 
and it Is calculated from m = (the power of the quadra- 
ture baseband transmission signal after distortion com- 
pensation calculation /Pmax) 1/2 . 

10 [0019] If It Is Judged In the comparator 44 that the pow- 
er value of the signals P, Q* after the distortion compen- 
sation calculation Is carried out on the Input quadrature 
baseband transmission signal is larger than the power 
value Pmax, the selector 43 selects the distortion corn- 
's pen sat Ion data from the distortion compensation data 
correcting portion 45 and outputs It to the distortion com- 
pensation data memory 41 . If it Is Judged In the compa- 
rator 44 that the power of the signals after the distortion 
compensation is carried out on the input quadrature 

so baseband transmission signal Is not more than the pow- 
er value Pmax, the selector 43 selects the distortion 
compensation data from the distortion compensation 
data calculator 42 and outputs It to the distortion com- 
pensation data memory 41 . 

25 [0020] When the power value of the quadrature base- 
band signals l\ Q' after the distortion compensation cal- 
culation Is larger than the fixed value Pmax, the other 
conventional distortion circuit described above can cor- 
rect the magnitude of the amplitude compensation co- 

30 efficient with keeping the phase to the Input signals and 
limit the signal amplitude after the distortion compensa- 
tion. However, In this conventional technique, the am- 
plitude of the quadrature baseband signals I, Q Input to 
the distortion compensation data calculator 42 Is not llm- 

35 tted because the amplitude compensation coefficient It- 
self In the non-linear distortion compensation calculator 
2 Is multiplied by the amplitude limiting coefficient for 
amplitude limitation and then stored in the distortion 
compensation data memory 41 . Accordingly, In the con- 

40 struction of the conventional technique described 
above, the amplitude-limited feedback signal from the 
power amplifier 6 and the amplitude non-llmlted quad- 
rature baseband signal are compared with each other 
to calculate the distortion compensation data. There- 
fore, by the conventional distortion compensation circuit 
having the construction as described above, accurate 
error correction cannot be performed and the distortion 
compensation cannot be performed with high precision. 
[0021] The conventional distortion compensation cir- 

so cult as described above has the disadvantage that the 
accurate error calculation cannot be performed because 
the input quadrature baseband signal before the ampli- 
tude (Imitation Is carried out and the feedback signal af- 
ter the amplitude limitation Is carried out are compared 

53 with each other to perform the error calculation. 

[0022] Therefore, an object of the present invention is 
to provide a distortion compensation circuit which can 
Implement reduction of clipping distortion components 
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coefficient that the amplitude value of the quadra- 
ture baseband transmission signal Is equal to or 
less than the amplitude threshold value when the 
amplitude value thus calculated Is larger than the 

5 amplitude threshold value, and outputttng as a mul- 
tiplication coefficient such a coefficient that the 
quadrature baseband transmission signal is left un- 
changed when the amplitude value thus calculated 
Is not larger than the amplitude threshold value; 

io amplitude maximum value limiting means for per- 
forming amplitude maximum value limitation based 
on circular clipping which Is Implemented by multi- 
plying each of I and Q components of the quadra- 
ture baseband transmission signal by the multlpll- 
cation coefficient from the amptltude calculating 
and amplitude limitation judging means; 
error calculation and compensation data renewing 
unit for performing the error calculation between the 
quadrature baseband transmission signal after the 

20 amplitude thereof has been limited by the amplitude 
maximum value limiting means and the quadrature 
baseband signal fed back from the output of the am- 
plifying means to renew distortion compensation 
data for compensating non-linear distortion; and 

25 non-linear distortion compensation calculating 
means for performing, on the basis of the compen- 
sation data from the error calculation and compen- 
sation data renewing means, distortion compensa- 
tion on the quadrature baseband transmission slg- 

30 nal after the amplitude thereof has been limited by 
the amplitude maximum value limiting means. 



with correctly performing error calculation, and greatly 
enhance the effect of non-linear distortion compensa- 
tion carried out subsequently. 

[0023] In order to attain the above object, according 
to a first aspect of the present Invention, there Is provid- 
ed a distortion compensating circuit for compensating 
distortion occurring in amplifying means equipped for a 
radio transmission device, comprising: 

power calculating and amplitude limitation judging 
means for calculating the power value of a quadra- 
ture baseband transmission signal, Judging whether 
the power value thus calculated is not less than a 
predetermined power threshold value, outputtfng as 
a multiplication coefficient such a coefficient that the 
power value of the quadrature baseband transmis- 
sion signal Is equal to or less than the power thresh- 
old value when the power value thus calculated Is 
larger than the power threshold value, and output- 
ting as a multiplication coefficient such a coefficient 
that the quadrature baseband transmission signal 
Is left unchanged when the power value thus calcu- 
lated Is not larger than the power threshold value; 
amplitude maximum value limiting means for per- 
forming amplitude maximum value limitation based 
on circular clipping which Is Implemented by multi- 
plying each of I and Q components of the quadra- 
ture baseband transmission signal by the multipli- 
cation coefficient from the power calculating and 
amplitude limitation Judging means; 
error calculation and compensation data renewing 
unltfor performing the error calculation between the 
quadrature baseband transmission signal after the 
amplitude thereof has been limited by the amplitude 
maximum value limiting means and the quadrature 
baseband signal fed back from the output of the am- 
plifying means to renew distortion compensation 
data for compensating non-linear distortion; and 
non-linear distortion compensation calculating 
means for performing, on the basis of the compen- 
sation data from the error calculation and compen- 
sation data renewing means, distortion compensa- 
tion on the quadrature baseband transmission sig- 
nal after the amplitude thereof has been limited by 
the amplitude maximum value limiting means. 

[0024] According to a second aspect of the present 
invention, there is provided a distortion compensating 
circuit for compensating distortion occurring in amplify- 
ing means equipped for a radio transmission device, 
comprising: 

amplitude calculating and amplitude limitation judg- 
ing means for calculating the amplitude value of a 
quadrature baseband transmission signal, judging 
whether the amplitude value thus calculated is not 
less than a predetermined amplitude threshold val- 
ue, outputtlng as a multiplication coefficient such a 



[0025] According to the present Invention, the instan- 
taneous signal amplitude at the amplifying means Input 

35 is limited by the construction that the non-linear distor- 
tion compensation Is made after the amplitude maxi- 
mum value limitation based on the circular clipping is 
carried out, whereby a clipping distortion component 
due to the Instantaneous amplitude of the envelope can 

*o be suppressed and then the distortion compensation ef- 
fect can be enhanced. 

[0026] In the above distortion compensating circuit of 
the present invention, the power threshold value may 
be set on the basis of an output back-off amount at an 

« operating point of the amplifying means. 

[0027] According to the present Invention, when the 
Instantaneous signal amplitude Is limited, the amplitude 
limitation based on the circular clipping Is carried out on 
amplitude components larger than the power threshold 

so value which is set for the power value of the input quad- 
rature baseband signal, and the optimum setting of the 
amplitude maximum value limitation value based on the 
power threshold value corresponding to the output 
back-off amount of the amplifying means Is performed 

ss in advance, whereby the distortion compensation can 
be performed with minimizing the deterioration of the 
modulation precision of the transmission system. 
[0028] Furthermore, in the distortion compensation 
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circuit of the present Invention, a Judgment as to whether 
the amplitude maximum value limitation Is performed on 
the basis of the amplitude threshold value of the quad* 
rature baseband transmission signal may be made. 

Fig. 1 1s a block diagram showing an example of the 
construction of a radio transmission device having 
a conventional pre-dlstortlon type distortion com- 
pensating circuit; 

Fig. 2 Is a block diagram showing the construction 
of an error calculation and compensation data re- 
newing portion In Fig. 1 ; 

Fig. 3 is a block diagram showing the construction 
of an error calculating and compensation data re- 
newing portion of another conventional distortion 
compensating circuit; 

Fig. 4 Is a block diagram showing the construction 
of a radio transmission device according to a first 
embodiment of the present invention; 
Fig. 5 Is a block diagram showing the construction 
of an amplitude maximum value limiting portion and 
a power calculating and amplitude limitation Judging 
portion In a distortion compensating circuit of the 
first embodiment of the present Invention; 
Fig. 6 is a diagram showing the relationship be- 
tween non-linear distortion and clipping distortion In 
a general power amplifier when no distortion com- 
pensation is made; 

Fig. 7 is a diagram showing the operation of a pre- 
dlstortlon type distortion compensating circuit; 
Fig. 8 is a diagram showing the occurrence proba- 
bility to the Input level of an envelope based on 
Raylelgh distribution under each back-off condition; 
Figs. 9A and 9B are diagrams showing a maximum 
value limiting method of transmission data, wherein 
Fig. 9A is a diagram showing the maximum value 
limitation every component on the quadrature coor- 
dinates based on rectangular clipping and Fig. 9B 
Is a diagram showing the amplitude maximum value 
limitation based on circular clipping; and 
Fig. 10 is a block diagram showing the construction 
of an amplitude calculating and amplitude limitation 
judging portion in a distortion compensating circuit 
according to a second embodiment of the present 
Invention. 

[0029] Preferred embodiments according to the 
present Invention will be described with reference to the 
accompanying drawings. In order to simplify the de- 
scription, It is assumed in the following description that 
distortion occurs only In a power amplifier. 

(First Embodiment) 

[0030] Fig. 4 is a block diagram showing the construc- 
tion of a radio transmission device having a distortion 
compensating circuit according to a first embodiment of 
the present Invention. In Fig. 4, the same parts as the 



prior art shown In Fig, 1 are represented by the same 
reference numerals. 

[0031] The difference between the radio transmission 
device of this embodiment and the conventional radio 
5 transmission device shown In Rg. 1 resides in that the 
distortion compensating circuit 30 Is replaced by a dis- 
tortion compensating circuit 20. The distortion compen- 
sating circuit 20 of this embodiment Is different from the 
distortion compensating circuit 30 shown In Fig. 1 only 
to in that the distortion compensating circuit 20 Is further 
equipped with amplitude maximum value limiting portion 
12, power calculating and amplitude limitation Judging 
portion 13 and threshold value setting portion 14. 
[0032] The threshold setting portion 1 4 sets a prede- 
19 termlned value as a powerthreshold value for the power 
calculating and amplitude limitation judging portion 13. 
[0033] The power calculating and amplitude limitation 
judging portion 13 calculates the power value x of the 
digital quadrature baseband signals I, Q (in-phase sig- 
nal and quadrature signal) from the transmission data 
generator 1 , and Judges whether the power value x thus 
calculated Is not less than the power threshold value y 
set by the threshold value setting portion 14. if the power 
value x thus calculated Is larger than the power thresh- 
old value y, the power calculating and amplitude limita- 
tion Judging portion 13 determines that the amplitude 
limitation Is carried out, and outputs (y/x) 1/2 as a multi- 
plication coefficient. On the other hand, If the power val- 
ue x thus calculates Is not more than the power thresh- 
old value y, it determines that no amplitude limitation is 
carried out, and outputs "1" as a multiplication coeffi- 
cient. 

[0034] In the following description, It Is assumed that 
the power calculating and amplitude limitation Judging 
portion 13 of this embodiment outputs the coefficient of 
(y/x) 1/2 as a multiplication coefficient If the power value 
x calculated Is larger than the power threshold value y. 
However, any other coefficients may be used if they pro- 
vides the relationship thatthe power value x of the digital 
quadrature baseband transmission signals I, Q Is not 
more than the powerthreshold value y. 
[0035] The amplitude maximum value limiting portion 
12 carries out the amplitude maximum value limitation 
based on circular clipping which is implemented by mul- 
tiplying each of the I and Q components of the quadra- 
ture baseband transmission signal from the transmis- 
sion data generator 1 by the multiplication coefficient 
from the power calculating and amplitude limitation 
judging portion 13. 

[0036] The method of performing the distortion com- 
pensation using the complex multiplication based on the 
distortion compensation data In the non-linear distortion 
compensation calculator 2, on the digital quadrature 
baseband signal which has been subjected to the am- 
plitude maximum limitation by the amplitude maximum 
value limiting portion 12, and then renewing and refer- 
ring to the compensation data thus achieved Is the same 
as the prior art. 
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[0037] Fig. 5 shows an example of the construction of 
the amplitude maximum value limiting portion 1 2 and the 
power calculating and amplitude limitation Judging por- 
tion 13. The amplitude maximum value limiting portion 
1 2 comprises timing adjusting portion 1 5 and multipliers 
1 9 1 , 1 9 2 . The power calculating and amplitude limitation 
judging portion 13 comprises power calculator 16, divid- 
er 17 and Judging portion 1B. 

[0038] The power calculator 1 6 calculates the power 
value x (= I 2 + Q 2 ) of the quadrature baseband trans- 
mission signal from the transmission data generator 1 . 
I n the divider 1 7, the power threshold value y set by the 
threshold value setting portion 14 is divided by the pow- 
er value x calculated by the power calculator 1 6, and the 
division result Is output as a division value y/x. If the di- 
vision value y/x calculated by the divider 17 is not less 
than 1 , the Judging portion 18 outputs "1" as a multipli- 
cation coefficient. On the other hand, If the division value 
y/x calculated by the divider 1 7 is smaller than "1 n , the 
square of the division value (y/x) 1/2 Is output as a multi- 
plication coefficient. 

[0039] In the amplitude maximum value limiting por- 
tion 1 2, the adjustment corresponding to the calculation 
period in the power calculating and amplitude limitation 
judging portion 1 3 is made in the timing adjusting portion 
1 5, and then each of the I and Q components of the dig- 
ital quadrature baseband signal from the transmission 
data generator 1 Is multiplied by the multiplication coef- 
ficient from the Judging portion 18 to perform the ampli- 
tude maximum value limitation based on the circular 
clipping. 

[0040] Next, an effective analysis of this embodiment 
will be described with reference to the accompanying 
drawings. 

[0041] Fig. 6 is a characteristic diagram showing the 
adjacent channel leakage power ratio (dBc) to the out- 
put level of a general power amplifier in which no distor- 
tion compensation Is made, when one wave of a repre- 
sentative CDMA modulation wave signal Is Input A non- 
linear distortion In AM/AM characteristic and AM/PM 
characteristic and a clipping distortion occurring due to 
a very targe Instantaneous amplitude of an envelope ex- 
ist in distortions occurring in a power amplifier when mul- 
tiplexed modulation waves such as CDMA modulation 
waves are Input. 

[0042] The clipping distortion characteristic shown In 
Fig. 6 is a leakage power ratio at some detuning fre- 
quency from the carrier center frequency when the CD- 
MA modulation wave signal described above is input to 
an ideal amplifier in which the AM/AM characteristic is 
an ideal limtter characteristic which Is linear until the sat- 
uration point and the AM/PM characteristic Is flat. This 
characteristic does not contain any non-linear distortion 
in the AM/AM and AM/PM characteristics, and It shows 
the characteristic based on only the clipping distortion 
component. 

[0043] Furthermore, the non-linear distortion charac- 
teristic shown In Rg. 6 Is a leakage power ratio at some 



detuning frequency from the carrier center frequency 
when a signal achieved by performing the sufficient am- 
plitude limitation on the above CDMA modulation wave 
signal so that the amplitude thereof does not exceed the 
5 saturation Input amplitude of the power amplifier is Input 
to the power amplifier. This characteristic does not con- 
tain any clipping distortion, and shows the characteristic 
based on only the non-linear distortion components In 
the AM/AM and AM/PM characteristic. At the output ar- 
te ea above the "A" point shown in Fig. 6, the non-linear 
distortion component and the clipping distortion compo- 
nent contribute to the total distortion characteristic In the 
form of the voltage sum at the same level, and thus it is 
understood that even when only the non-linear distortion 

19 is compensated by the conventional distortion compen- 
sation system, only a distortion Improvement amount of 
about 6 dB (=1/2) Is achieved for the whole device due 
to the clipping distortion. That Is, as In the case of the 
distortion compensating circuit of this embodiment, the 

20 distortion compensation effect of the whole radio trans- 
mission device can be enhanced by combining the non- 
linear distortion compensation and the clipping distor- 
tion suppression based on the amplitude maximum val- 
ue limitation. 

25 [0044] Fig. 7 is a graph showing the input/output char- 
acteristics of the non-linear distortion compensation cal- 
culator 2 atone, the power amplifier 6 alone and the 
whole radio transmission device respectively to the in- 
put level which are normalized by the respective rates 

so in the pre-dlstortlon type distortion compensating circuit 
when the rate of the saturation input level of the power 
amplifier 6 is set to 1 . When no distortion compensation 
is made, no clipping distortion occurs until the Instanta- 
neous amplitude component of the envelope reaches 

35 the saturation Input level of the power amplifier 8. How- 
ever, when the distortion compensation Is mode, as 
shown by the input/output characteristic of the non-lin- 
ear distortion compensation calculator 2 alone, the sig- 
nal amplitude after the compensation reaches the satu- 

<o ration point of the power amplifier 6 even in the case of 
an instantaneous Input amplitude component (aboutO.5 
to 0.6) which Is lower than the saturation input "1 n in the 
case of no distortion compensation , by the gain reducing 
amount (about 4 dB to 6 dB) from the linear gain of the 

<9 saturation output point due to the distortion compensa- 
tion. That Is, unlike the case where no distortion com- 
pensation Is made, the relationship of the output back- 
off b the Input back-off Is satisfied In the pre-dlstortlon 
type distortion compensating circuit. In the following de- 

50 scription, the point (about 0.5 to 0.6 in the example of 
Fig. 7) at which the level after the amplitude compensa- 
tion In the non-linear distortion compensation calculator 
2 reaches the saturation Input level of the power ampli- 
fier 6 is set as the maximum Input value Rmax of the 

55 non-linear distortion compensation calculator 2. 

[0045] In this case, the back-off represents the power 
ratio of the operation point to the Input power or output 
power at the saturation point, and when the saturation 
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output is equal to 1 00 W (watt) and the operating power 
Is equal to 10 W, the back-off amount Is equal to 10 dB 
(decibel). 

[0046] The multiplexed modulation waves based on 
the CDMA modulation system or the OFDM modulation 
system can be approximated to a Gauss noise. It may 
be estimated that the Gauss noise In a narrow band 
width comprises random amplitude modulation, and the 
envelope Is a Raylelgh distribution. The envelope func- 
tion (probability density function) can be represented as 
follows. 

p(R) = (fl/o 2 )exp(-ff 2 /2o 2 ) 

Here, R = envelope voltage, and 2a 2 = effective voltage 
value. 

[0047] Fig. 6 shows he envelope function (probability 
density function) of the Raylelgh distribution under each 
back-off condition to the Input level which Is normalized 
with the maximum Input value Rmax of the non-linear 
distortion compensating calculator 2 being set to 1 . The 
area that an Input level Is the maximum Input value 
Rmax or more is an Input area in which the output of the 
power amplifier Is saturated. When the Instantaneous 
amplitude component of the envelope reaches this sat- 
uration area, clipping distortion occurs. The probability 
distribution In which the Instantaneous voltage ampli- 
tude R of the envelope exceeds the maximum Input val- 
ue Rmax can be represented as follows by Integrating 
the envelope function of the Raylelgh distribution from 
the maximum Input value Rmax to «. 

P{R > Rmax) = exp(-Rmax 2 /2o 2 ) 

[0048] Accordingly, on the basis of the above calcu- 
lation equation, the probability distribution of the com- 
ponent in which the instantaneous amplitude of the en- 
velope under each back off condition exceeds the sat- 
uration point is provided as follows. It contains instanta- 
neous amplitude components having large peak factors, 
and the clipping distortion occurs due to these Instanta- 
neous amplitude components. 

Under 6 dB back-off operation: about 1.9% 
Under 7 dB back-off operation: about 0.7 % 
Under 8 dB back-off operation: about 0.2 % 
Under 9 dB back-off operation: about 0.04 % 
Under 10 dB back-off operation: about 0.005 % 
[0049] In the pre-distortlon type distortion compensat- 
ing circuit, in order to prevent the instantaneous ampli- 
tude of the envelope from exceeding the maximum input 
value Rmax to suppress the clipping distortion caused 
by the Instantaneous amplitude components, the ampli- 
tude maximum value at the Input point corresponding to 
(effective value + output back-off) may be limited at the 
front stage of the distortion compensation calculation 
from the viewpoint of the relationship of output back-off 



= Input back-off. 

[0050] Next, the amplitude maximum value limitation 
based on the circular clipping which Is carried out In the 
amplitude maximum value limiting portion 12 according 

5 to this embodiment will be described. When the maxi- 
mum value limitation Is carried out on the digital quad- 
rature baseband signal from the transmission data gen- 
erator 1, there may be considered rectangular clipping 
for Individually performing the maximum value limitation 

to on each of the I, Q components on the quadrature co- 
ordinates and a circular clipping for calculating the pow- 
er value of the quadrature baseband signal and perform- 
ing the maximum value limitation on the amplitude val- 
ue. 

13 [0051] Figs. 9A and 9B are diagrams showing these 
maximum limiting methods. Fig. 9A shows the method 
for performing the maximum limitation every component 
on the quadrature coordinates by the rectangular clip- 
ping, to the digital quadrature baseband signal from the 

20 transmission data generator. Fig. 9B shows the method 
.of performing the maximum limitation by the circular clip- 
ping, to the digital quadrature baseband signal from the 
transmission data generator. 

[0052] When the Q component side of a true vector 

23 does not exceed the threshold value of the maximum 
value limitation although the I component of the true vec- 
tor exceeds the threshold value of the maximum value 
limitation, the vector clipped by the rectangular clipping 
of Fig. 9A has a phase error of 9 with respect to the true 

30 vector. On the other hand, no phase error occurs In the 
case of the amplitude maximum value limitation based 
on the circular clipping of Fig. 9B. The phase error has 
a great effect on EVM (Error Vector Magnitude) which 
serves as an Index for modulation precision. Further, 

35 since the maximum value limitation of the digital quad- 
rature digital baseband signal directly deteriorates EVM, 
so that the amplitude maximum value limitation based 
on the circular clipping is more effective to reduce the 
error caused by the maximum value limiting system to 

^0 the minimum level. Furthermore, if the maximum value 
limited by the circular clipping is set to 1 , an amplitude 
value of 2 1/2 times might exist In the amplitude maximum 
value limitation based on the rectangular clipping. That 
is, an amplitude value larger than the limited maximum 

« value based on the circular clipping by 3dB exists as an 
instantaneous amplitude value, so that the amplitude 
maximum value limitation based on the circular clipping 
is also more effective from the viewpoint of the suppres- 
sion effect of the instantaneous amplitude. 

so [0053] When the power threshold value set by the 
threshold value setting portion 14 is set on the basis ol 
the output back-off amount of the power amplifier 6, it Is 
required that the deterioration of the modulation preci- 
sion satisfies the permissible value of the whole trans- 

53 mission system and also the maximum distortion com- 
pensating effect is achieved, and this can be easily set 
In advance by the analysis method as described above. 
[0054] According to the distortion compensating clr- 
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cult of this embodiment as described above, the error 
calculation using the amplitude-limited quadrature 
baseband signal and amplitude-limited feedback signal 
Is carried out In the distortion compensation data calcu- 
lator 42 of the error calculation and compensation data 
renewing unft 11, sothatthe suppression of the clipping 
distortion component Is implemented without mistaking 
the error calculation and the subsequent non-linear dis- 
tortion compensating effect can be greatly enhanced. 
[0055] Furthermore, the distortion compensating cir- 
cuit according to this embodiment can be Implemented 
by merely adding a smalt-scale circuit to the convention- 
al distortion compensating circuit, and it can achieve 
more excellent distortion compensation characteristics 
with keeping substantially the same size and power con- 
sumption as the conventional compensating circuit. 

(Second Embodiment) 

[0056] Next, a distortion compensating circuit accord- 
ing to a second embodiment of the present Invention will 
be described. 

[0057] In the distortion compensating circuit of the 
first embodiment described above, It is Judged on the 
basis of the power threshold value of the digital quadra- 
ture baseband signal whether the amplitude limitation Is 
carried out or not. However, according to this embodi- 
ment, It Is Judged on the basis of the amplitude threshold 
value of the digital quadrature baseband signal whether 
the amplitude limitation Is carried out or not. 
[0058] As shown in Rg. 1 0, the construction of the dis- 
tortion compensating circuit according to this embodi- 
ment is achieved by replacing the power calculating and 
amplitude limitation judging portion 1 3 and the threshold 
value setting portion 14 In Figs. 4, 5 with amplitude cal- 
culating and amplitude limitation Judging portion 23 and 
threshold value setting portion 24. 
[0059] The threshold value setting portion 24 sets a 
predetermined portion as an amplitude threshold value 
for the amplitude calculating and amplitude limitation 
Judging portion 23. Fig. 1 0 shows the construction of the 
amplitude calculating and amplitude limitation judging 
portion 23. The amplitude calculating and amplitude lim- 
itation judging portion 23 comprises amplitude calcula- 
tor 26, divider 27 and judging portion 28. 
[0060] The amplitude calculator 26 calculates the am- 
plitude value x' (square of power value = (I 2 + Q 2 ) 1 ^) of 
the quadrature baseband transmission signal from the 
transmission data generator 1 . The divider 27 divides 
the amplitude threshold value y' set in the threshold set 
portion 24 by the amplitude value x' calculated in the 
amplitude calculator 26 and outputs the result as a divi- 
sion value y'/x'. The Judging portion 28 outputs °1" as a 
multiplication coefficient when the division value yVx' 
calculated by the divider 27 is not less than "1°, or out- 
puts y'/x* as a multiplication coefficient when the division 
value calculated by the divider 27 Is smaller than "1". 
[0061 ] Subsequently, In the amplitude maximum val- 



ue limiting portion 12, the adjustment corresponding to 
the calculation period In the amplitude calculating and 
amplitude limitation judgment portion 23 is carried out 
In the timing adjustment portion 15, and then each of the 

5 I, Q components of the digital quadrature baseband sig- 
nal from the transmission data generator 1 Is multiplied 
by the multiplication coefficient output from the Judging 
portion 28, thereby performing the amplitude maximum 
value limitation based on the circular clipping. 

to [0062] According to the first and second embodi- 
ments described above, the present Invention Is applied 
to the pre-dlstortlon type distortion compensating circuit. 
However, the present invention is not limited to these 
embodiments, and It may be applied to a front stage of 

is a Cartesian feedback type distortion compensating cir- 
cuit. 

[0063] As described above, according to the present 
Invention, the amplitude maximum value limitation Is 
carried out by the circular clipping of the quadrature 

20 baseband transmission signal on the quadrature coor- 
dinates, and then the non-linear distortion compensa- 
tion Is performed, whereby the clipping distortion com- 
ponents can be suppressed without mistaking the error 
calculation and the effect of the subsequent non-linear 

ss distortion compensation can be greatly enhanced. 



Claims 

30 1 . A distortion compensating circuit for compensating 
distortion occurring in amplifying means equipped 
for a radio transmission device, comprising: 

power calculating and amplitude limitation 

55 Judging means for calculating the power value 

of a quadrature baseband transmission signal, 
judging whether the power value thus calculat- 
ed is not less than a predetermined power 
threshold value, outputting as a multiplication 

40 coefficient such a coefficient that the power val- 

ue of the quadrature baseband transmission 
signal Is equal to or less than the power thresh- 
old value when the power value thus calculated 
Is larger than the power threshold value, and 

<3 outputting as a multiplication coefficient such a 

coefficient that the quadrature baseband trans- 
mission signal Is left unchanged when the pow- 
er value thus calculated Is not larger than the 
power threshold value; 

so amplitude maximum value limiting means for 

performing amplitude maximum value limita- 
tion based on circular clipping which Is Imple- 
mented by multiplying each of I and Q compo- 
nents of the quadrature baseband transmission 

55 signal by the multiplication coefficient from said 

power calculating and amplitude limitation 
judging means; 

error calculation and compensation data re- 
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newlng unit for performing the error calculation 
between the quadrature baseband transmis- 
sion signal after the amplitude thereof has been 
limited by said amplitude maximum value limit- 
ing means and the quadrature baseband signal s 
fed back from the output of said amplifying 
means to renew distortion compensation data 
for compensating non-linear distortion; and 
non-linear distortion compensation calculating 
means for performing, on the basis of the com- *o 
pensatlon data from said error calculation and 
compensation data renewing means, distortion 
compensation on the quadrature baseband 
transmission signal after the amplitude thereof 
has been limited by said amplitude maximum « 
value limiting means. 

2. The distortion compensating circuit as claimed In 
claim 1 , wherein said power calculating and ampli- 
tude limitation Judging means calculates the power 20 
value x of the quadrature baseband transmission 
signal, Judges whether the power value x Is not less 
than a predetermined power threshold value y, out- 
puts (y/x) 1/2 as a multiplication coefficient when the 
power value x thus calculated is larger than the 25 
power threshold value y, and outputs 1 as a multi- 
plication coefficient when the power value x thus 
calculated Is not more than the power threshold val- 
ue y. 

30 

3. The distortion compensating circuit as claimed in 
claim 1 or 2, wherein said power calculating and 
amplitude limitation judging means comprises: 

power calculating means for calculating the 
power value x of the quadrature baseband 
transmission signal; 

dividing means for dividing the predetermined 
power threshold value y by the power value x 
calculated by said power calculating means *o 
and outputting the division value y/x thus 
achieved; and 

judging means for outputting 1 as a multiplica- 6. 
tion coefficient when the value calculated by 
said dividing means Is not less than 1 and out- 
putting (y/x) 1/2 as a multiplication coefficient 
when the value calculated by said dividing 
means Is smaller than 1 . 

4. The circuit as claimed in claim 1 , 2 or 3, wherein so 
the power threshold value Is set on the basis of an 
output back-off amount In said amplifying means. 

5. A distortion compensating circuit for compensating 
distortion occurring in amplifying means equipped ss 

for a radio transmission device, comprising: 7. 

amplitude calculating and amplitude limitation 



Judging means for calculating the amplitude 
value of a quadrature baseband transmission 
signal, Judging whether the amplitude value 
thus calculated Is not less than a predetermined 
amplitude threshold value, outputting as a mul- 
tiplication coefficient such a coefficient that the 
amplitude value of the quadrature baseband 
transmission signal Is equal to or less than the 
amplitude threshold value when the amplitude 
value thus calculated Is larger than the ampli- 
tude threshold value, and outputting as a mul- 
tiplication coefficient such a coefficient that the 
quadrature baseband transmission signal is left 
unchanged when the amplitude value thus cal- 
culated Is not larger than the amplitude thresh- 
old value; 

amplitude maximum value limiting means for 
performing amplitude maximum value limita- 
tion based on circular clipping which is imple- 
mented by multiplying each of I and Q compo- 
nents of the quadrature baseband transmission 
signal by the multiplication coefficient from said 
amplitude calculating and amplitude limitation 
Judging means; 

error calculation and compensation data re- 
newing unit for performing the error calculation 
between the quadrature baseband transmis- 
sion signal afterthe amplitude thereof has been 
limited by said amplitude maximum value limit- 
ing means and the quadrature baseband signal 
fed back from the output of said amplifying 
means to renew distortion compensation data 
for compensating non-linear distortion; and 
non-linear distortion compensation calculating 
means for performing, on the basis of the com- 
pensation data from said error calculation and 
compensation data renewing means, distortion 
compensation on the quadrature baseband 
transmission signal after the amplitude thereof 
has been limited by said amplitude maximum 
value limiting means. 

The distortion compensating circuit as claimed in 
claim 5, wherein said amplitude calculating and am- 
plitude limitation judging means calculates the am- 
plitude value x* of the quadrature baseband trans- 
mission signal, Judges whether the amplitude value 
x' Is not less than a predetermined amplitude 
threshold value y\ output y'/x' as a multiplication co- 
efficient when the amplitude value x' thus calculated 
is larger than the amplitude threshold value y', and 
output 1 as a multiplication coefficient when the am- 
plitude value x* thus calculated Is not more than the 
amplitude threshold value y\ 

The circuit as claimed in claim 5 or 6, wherein 
said amplitude calculating and amplitude limitation 
judging means comprises: 
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amplitude calculating means for calculating the 
amplitude value x* of the quadrature baseband 
transmission signal; 

dividing means for dividing the predetermined 
amplitude threshold value y* by the amplitude 5 
value x' calculated by said amplitude calculat- 
ing means and outputting the division value // 
x' thus achieved; and 

Judging means for outputting 1 as a multiplica- 
tion coefficient when the value calculated by io 
said dividing means Is not less than 1 or out- 
putting y7x' as a multiplication coefficient when 
the value calculated by said dividing means is 
smaller than 1. 

15 

The circuit as claimed In claim 5, 6 or 7, wherein 
the amplitude threshold value Is set on the basis of 
an output back-off amount In said amplifying 
means. 

20 
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